A molecular dynamics study of human defensins HBD-1 and HNP-3 in water.
Mammalian defensins are crucial components of the innate immune system. They are characterized by three disulfide bridges and exhibit broad spectrum antibacterial activity. The spacing between the cysteines and disulfide connectivities in the two classes of defensins, the alpha- and beta-forms, are different. The structural motif of 3 beta-strands appears to be conserved in alpha- and beta-defensins despite differences in disulfide connectivities and spacing between cysteines. In this study, Molecular Dynamics Simulations (MDS) have been carried out to study the conformational behavior of alpha- andbeta-defensins with and without disulfide bridges. Our results indicate that beta-strands in the C-terminal region of HBD-1 and HNP-3 do not unfold during the course of MDS. The segment adopting alpha-helix in HBD-1 unfolds early during the simulations. The backbone hydrogen bonds in HBD-1 and HNP-3 are broken during MDS. When the disulfide bonds are absent, the N-terminal beta- strand unfolds by 20 ns but beta-strands are observed in the C-terminal region of HNP-3. HBD-1, without disulfide bridges, unfolds to a greater extent during the course of the MDS. Examination of distances between sulfur atoms of cysteines without disulfide bridges during the simulations indicate that there is no specific preference for native disulfide bridges, which could be the reason for the experimental observation of non-native disulfide bridge formation during chemical synthesis of human alpha- and beta-defensins. Since defensins with non-native disulfide bridges are biologically active, the exact three dimensional structures observed for native HBD-1 and HNP-3 does not appear to be essential for exhibiting antibacterial activity.